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factor (TNF-␣), interleukin-6 (IL-6), and interleukin-8 (IL-8) from airway epithelial cells (19, 20) . IL-6 initiates proinflammatory processes and is elevated in the blood and airway secretions of dust-exposed individuals, whereas IL-8 release promotes recruitment of neutrophils to the airways. Compared with other organic dusts, swine CAFO dust stimulates the largest amount of TNF-␣ from lung monocytes and epithelial cells (17) .
Whereas swine CAFO dust-induced TNF-␣ release in monocytes is impacted by endotoxins present in the dust (31) , airway epithelial cells lack lipopolysaccharide signaling proteins such as CD14 and MD-2 (3, 11) and are stimulated to release TNF-␣ by the peptidoglycan contained in CAFO dust (17) . In vitro, we have found that small concentrations (200 pg/ml) of swine CAFO dust-stimulated TNF-␣ are capable of inducing the autocrine/paracrine stimulation of bronchial epithelial protein kinase C-ε (PKC-ε)-dependent IL-8 release (36) . Also in an autocrine/paracrine manner, dust-induced TNF-␣ stimulates the PKC-ε-independent release of IL-6, as both dust-stimulated PKC activation and cytokine release can be blocked by TNFneutralizing antibodies or fusion proteins (36) . Soluble TNF-␣ release from cells requires the posttranslational cleavage of a pro-TNF-␣ form by the TNF-␣-converting enzyme (TACE; ADAM-17) (21) . Evidence exists that cAMP-PKA activation blocks TNF-␣ expression (9) and that cAMP-elevating agents inhibit TACE activity in alveolar epithelial cells (25) . Moreover, swine CAFO dust-stimulated TNF-␣ gene expression was inhibited by cAMP in alveolar epithelial cells (7) . These findings have not been extended to swine CAFO dust-mediated airway inflammation with regard to TNF-␣-mediated IL-6 and IL-8 release.
Both IL-6 and IL-8 release from airway epithelial cells is mediated by the dust-stimulated sequential activation of PKC isoforms, namely, PKC-␣ and PKC-ε (36) . PKC has profound effects on the regulation of airway epithelial cell function. Agents that activate PKC slow cell migration during wound repair (34) , and hog dust extract (HDE) specifically activates PKC and retards bronchial epithelial wound repair (24) . Conversely, agents that activate the cAMP-dependent protein kinase (PKA) demonstrate accelerated wound closure in airway epithelium (26) . Similar to wound repair, the ciliary motility of airway epithelium is stimulated by agents that activate PKA (37) but slowed by agents that activate PKC (32) . Thus a bidirectional control mechanism likely exists involving a PKA-PKC axis that regulates certain epithelial airway innate immune responses.
We hypothesized that swine barn dust-induced cytokine release would be minimized in airway epithelial cells pretreated with cAMP. In the present study, we used a specific, cell-permeable agonist analog to PKA, 8-Bromoadenosine 3=,5=-cyclic monophosphate , to elevate cAMP levels. This pretreatment minimizes swine barn dust-stimulated release of IL-8 by preventing the activation of PKC-ε. Furthermore, we show that the action of cAMP on its major cellular receptor, PKA, results in the inhibition of dust-stimulated TACE activity governing TNF-␣ release upstream of both IL-6 release and PKC-ε activation in the airway epithelium. Thus our findings provide evidence that cAMP-PKA activating agents, including adenosine (1, 2) or ␤-adrenergic agonists, may be beneficial preventative and therapeutic agents in mitigating the inflammatory response induced by swine CAFO dusts.
MATERIALS AND METHODS
Cell isolation and culture. Primary normal human bronchial epithelial cells (HBECs) were isolated from deidentified human lungs that were rejected for transplantation using a method previously described (4) . The lungs were obtained from the International Institute for the Advancement of Medicine (IIAM). The protocol was approved by the IIAM ethics committee and the University of Nebraska Medical Center Institutional Review Board, and the care and use of animals was approved by The University of Nebraska Medical Center Institutional Animal Care and Use Committee. Cells were used in experiments from passages 1 to 4. Each experiment included cells derived from five donors. BEAS-2B cells were commercially obtained (ATCC, Manassas, VA).
HDE. Aqueous extracts of HDE were prepared using settled dusts collected from swine confinement feeding operations and prepared as previously described (18) . Dust (0.1 g/ml) was solubilized in sterile Hank's Balanced Salt Solution (pH 7.4) for 1 h at room temperature, centrifuged for 20 min at 2,000 g, and filter-sterilized (0.22 m) to eliminate large particles and any microorganisms. Diluted (5%) extracts contained protein (1-2 mg/ml), endotoxin (22.5 to 48.75 EU/ ml), and muramic acid (ϳ400 pmol/mg; marker for peptidoglycan) as previously determined (17) .
Human IL-6, IL-8, and TNF-␣ detection by ELISA. BEAS-2B cells or HBECs were cultured on 12-well plates and grown to 95% confluence using LHC-9:RPMI media (1:1) in 37°C incubators containing 5% CO 2. Cells were pretreated with or without 100 M 8-Br-cAMP (Sigma, St. Louis, MO) for 1 h. HDE (5%) was then added and incubated for 2, 6, and 18 h, and the supernatant was collected. Concentrations of human TNF-␣, IL-6, and IL-8 were determined by antibody detection using ELISA (R&D Systems, Minneapolis, MN) as previously described (36) . Values for cytokines measured in culture supernatants were normalized for total protein in the cell pellet for each condition using the Bradford protein assay (6) .
Assay for PKC activity. BEAS-2B cells were cultured on 60-mm tissue culture dishes (B-D Falcon, Franklin Lakes, NJ) to 95% confluence and pretreated for 1 h with or without 100 M 8-BrcAMP. Cells were then stimulated with either 1% or 5% HDE for 1 or 6 h in a total volume of 2 ml per dish. Previous data demonstrated the sequential activation of PKC-␣ at 1 h and PKC-ε at 6 h (36). As a positive control, 100 ng/ml of the direct classical and novel PKC isoform activator, phorbol-12-myristate-13-acetate (PMA; Sigma), was added to some dishes for 5-15 min. Medium was removed, and 250 l of cell lysis buffer (35 mM Tris·HCl, 0.4 mM EGTA, and 10 mM MgCl) containing a 1:10 dilution of protease inhibitor cocktail (Sigma), 0.2 mM PMSF, and 0.1% Triton X-100 was added; dishes were then snap frozen as previously described (35) . Thawed dishes were then scraped, the buffer containing the cells was collected and sonicated for 5 s, crude cell protein was fractionated by centrifugation at 10,000 g for 30 min at 4°C, and the cell fractions containing either PKC-␣ or PKC-ε were measured for activity as previously described (32) . Experiments were performed a minimum of three separate times.
PKA activity assay. BEAS-2B cells were cultured on 60-mm dishes, treated with 0.1 M, 1.0 M, and 10 M concentrations of either 8-Br-cAMP, the analog specific for cAMP-dependent protein kinase (PKA) activation, or 8-(4-chlorophenylthio)-2'-O-methyladenosine-3',5'-cyclic monophosphate (8-CPT-2Me-cAMP) (R&D Systems-Tocris), the analog specific for exchange protein activated by cAMP (EPAC) activation. After 1 h, the supernatant was removed, 250 l of cell lysis buffer was added, and cells were flash frozen. Dishes were thawed and scraped into centrifuge tubes and kept on ice. The supernatant containing the cells was sonicated, and cells were centrifuged at 10,000 g at 4°C for 30 min. PKA activity was measured in the cytosolic fraction of the bronchial epithelial cells as previously described (37) . Data were standardized to the total amount of cell protein assayed and expressed as picomoles of radiolabeled phosphate transferred onto a standard amount of heptapeptide substrate (LeuArg-Arg-Ala-Ser-Leu-Gly; Sigma) per minute of reaction time. Each unique condition was measured in a minimum of three separate experiments.
TACE assay. TACE activity was measured using a commercially available fluorometric assay (SensoLyte 520 TACE activity assay kit; AnaSpec, Fremont, CA). BEAS-2B were grown to ϳ90% confluence on collagen-coated six-well plates in serum-free (LHC-9:RPMI) medium. After treatment with 8-Br-cAMP and/or HDE, cells were removed from plates with prewarmed trypsin/EDTA and collected in microfuge tubes. Cells were pelleted at 500 g and counted, and 2.5 ϫ 10 5 cells were aliquoted per condition. Aliquoted cells were pelleted and resuspended in the kit lysis buffer and vortexed 10 min at 4°C. Lysed cells were centrifuged at 10,000 g for 10 min. Supernatant fractions were assayed using the prediluted TACE substrate solution per the manufacturer's instructions. Reactions were halted with 2 M H2SO4, and fluorescence was read at 490/520 nm. Results were interpolated from a standard curve of rhTACE (ADAM-17) and expressed as micrograms per milliliter.
NF-B binding. NF-B binding activities were assessed using the BEAS-2B cell line transfected with the NF-B Cignal Vector Reporters (SABiosciences, Valencia, CA), as previously described (16) . Briefly, BEAS-2B cells were reverse-transfected onto 96-well plates with a vector reporter construct containing an NF-B-inducible firefly luciferase reporter as well as a constitutively expressed Renilla luciferase reporter. Following transfection, cells were preincubated for 1 h with 0, 10, or 100 M 8-Br-cAMP and then stimulated with 5% HDE for 12 h. Cells were harvested using Promega Dual-GLoLuciferase Reagents (Promega, Madison, WI) and read on a Victor 3 V plate reader (Perkin Elmer, Waltham, MA). Data were normalized for analyses by determining the ratio of induced (firefly luciferase) vs. constitutive (Renilla luciferase) luminescence for each treatment condition.
Ex vivo mouse lung slice model. Precision-cut lung (PCL) slices were made as previously described (14) . Briefly, C57BL/6 mice were killed, and the lungs were inflated with low-melting-point agarose (Invitrogen, Carlsbad, CA). Chilled lungs were then sliced into 150-m precision-cut slices (OTS 4500 Tissue slicer; Electron Microscopy Sciences, Hatfield, PA) followed by incubation at 37°C to remove the agarose. Slices (3-5 per well) were placed in 12-well tissue culture plates. After 5 days of incubation with daily change of media, slices were exposed overnight to 5% HDE in the presence or absence of 100 M 8-Br-cAMP or isoproterenol, and media supernatants were collected. Media were assayed for murine IL-6 and keratinocyte-derived chemokine (KC) by ELISA. Data were normalized to the total amount of PCL protein contained in each well per milliliter of media.
Cell viability assay. An aliquot (50 l) of supernatant media from BEAS-2B monolayers or PCL slices treated with HDE, cAMP analogs, or media alone were assayed for cell viability using a TOX-7 kit (Sigma) to measure lactate dehydrogenase (LDH) release, according to the manufacturer's instructions. As a positive control, confluent 60-mm dishes of BEAS-2B cells were lysed with 0.1% Triton-X 100, and LDH was measured.
Statistical analysis. Replicate data from at least three separate experiments are presented as the means Ϯ SE. One-way ANOVA with Tukey's multicomparison posttest was employed to compare responses between three or more groups. Differences between groups were accepted as significant using a 95% confidence interval (P Ͻ 0.05). In all analyses, GraphPad Prism (San Diego, CA; version 5.01) software was utilized to determine statistical significance.
RESULTS
cAMP decreases hog barn dust-stimulated interleukin release. We have previously established that HDE stimulates proinflammatory cytokine release, including IL-6 and IL-8, from bronchial epithelial cells (20) . Intracellular elevations in cAMP have been associated with anti-inflammatory mechanisms in some cell types (15) . To determine the effect of cAMP on HDE-stimulated interleukin release, BEAS-2B cells, a human bronchial epithelial cell line, were pretreated for 1 h with 100 M of a cell-permeable analog of cAMP, 8-Br-cAMP, before 24-h treatment with 5% HDE in the continued presence of 100 M 8-Br-cAMP. A significant (P Ͻ 0.05 vs. HDE only) decrease in IL-6 release was observed in those cells pretreated with 8-Br-cAMP before HDE treatment (Fig. 1A) . Whereas both HDE and the positive control secretagogue, PMA (100 ng/mL), significantly (P Ͻ 0.05) stimulated IL-6 release over 24 h compared with the media control, 8-Br-cAMP itself had no effect on baseline IL-6 release. In addition, 8-Br-cAMP did not decrease PMA-stimulated IL-6 release (data not shown). Likewise, 8-Br-cAMP pretreatment significantly (P Ͻ 0.05) decreased HDE-stimulated IL-8 release (Fig. 1B) . These data reveal that cAMP blocks HDE-stimulated IL-6 and IL-8 release from bronchial epithelial cells.
Effects of cAMP on swine barn dust-stimulated PKC activity. Previous studies have demonstrated that HDE stimulates proinflammatory cytokine release from bronchial epithelial cells through a PKC-dependent mechanism (36) . To determine whether cAMP-mediated inhibition of interleukin release occurs at the level of PKC regulation, BEAS-2B cells were pretreated with 8-Br-cAMP before stimulation with HDE, and PKC-␣ and PKC-ε activation was determined. HDE (5%) treatment significantly (P Ͻ 0.001) increased maximal PKC-ε activity at 6 h, but 1-h pretreatment with 100 M 8-Br-cAMP blocked HDE-stimulated PKC-ε ( Fig. 2A) . Even though 1% HDE failed to optimally increase PKC-⑀ activity, a statistically significant reduction in 1% HDE-stimulated PKC-ε activity was still observed in response to 100 M 8-Br-cAMP. Whereas 10 -100 M of 8-Br-cAMP blocked 5% HDE-stimulated PKC-ε activity, 1 M 8-Br-cAMP failed to have any A: BEAS-2B cells were pretreated for 1 h with 100 M 8-Br-cAMP and stimulated for 6 h with either 1% or 5% HDE, and PKC-ε activity was assayed. 8-Br-cAMP pretreated cells showed significantly less activity than 5% (*P Ͻ 0.001) or 1% (**P Ͻ 0.05) HDE alone. B: BEAS-2B cells pretreated with 0 -100 M 8-Br-cAMP before 6-h stimulation with 5% HDE, and PKC-ε activity was assayed. HDE-stimulated PKC-ε was blocked by 10 -100 M 8-Br-cAMP. C: BEAS-2B cells were pretreated with 100 M 8-Br-cAMP before 2-, 6-, and 24-h stimulation with 5% HDE, and PKC-ε activity was assayed. HDE-stimulated PKC-ε was significantly (*P Ͻ 0.05) blocked by 8-Br-cAMP at 6 h vs. HDE only. D: BEAS-2B cells were pretreated with 100 M 8-Br-cAMP before 15-min stimulation with 100 ng/ml PMA, and PKC-ε activity was assayed. PMA significantly (*P Ͻ 0.001) stimulated PKC-ε activity. 8-Br-cAMP did not affect PMA-stimulated PKC-ε activity. Bars represent SE of experiments performed in triplicate. effect (Fig. 2B) . Higher concentrations of 8-Br-cAMP were avoided, as we have previously demonstrated that 8-Br-cAMP concentrations above 100 M can cross-activate the cGMPdependent protein kinase in bronchial epithelium (33). 8-BrcAMP (100 M) blocked HDE-stimulated increases in PKC-ε at all time points tested and did not differ from baseline media control PKC-ε activity up to 24 h (Fig. 2C) . Direct activation of PKC-ε by PMA was unaffected by pretreatment with any concentration of 8-Br-cAMP (Fig. 2D) , similar to what was observed with cytokine release and suggesting that 8-Br-cAMP does not directly inhibit PKC-ε. Whereas 5% HDE optimally stimulates PKC-␣ at 1-h treatment, 8-Br-cAMP-pretreatment did not inhibit HDE-stimulated PKC-␣ activity (Fig. 3) . In summary, these data show that cAMP exerts its effect downstream of PKC-␣ yet upstream of both IL-6 and IL-8 production. These data also demonstrate that cAMP reduces HDEinduced PKC-ε activity. Moreover, this effect by cAMP is not a result of directly inhibiting PKC-ε although the action of cAMP is downstream of PKC-␣.
PKA, but not EPAC, agonist blocks HDE-stimulated interleukin release. PKA is the major cellular target for the action of cAMP, but EPAC are present in airway epithelium that can also be directly activated by cAMP. To determine whether the cAMP-mediated inhibition of HDE-stimulated interleukin release signals through PKA or EPAC, we pretreated BEAS-2B with agonist analogs of cAMP that were selective for EPAC (8-CPT-2Me-cAMP) or PKA (8-Br-cAMP). Using direct PKA activity assays of BEAS-2B cells treated with 0.1-10 M of each analog, we found that 1-h treatment with 8-Br-cAMP significantly (P Ͻ 0.05) increased PKA activity in a dosedependent manner, but 8-CPT-2Me-cAMP did not activate PKA (Fig. 4A) . Correspondingly, 1-h pretreatment with 10 M 8-CPT-2Me-cAMP had no effect on 5% HDE-stimulated IL-6 release, whereas 10 M 8-Br-cAMP inhibited IL-6 release (Fig. 4B) . The same results were also observed for HDEstimulated IL-8 release (data not shown). Neither analog alone had an effect on baseline levels of the interleukins. To establish that the inhibitory action of cAMP on HDE-induced PKC-ε activation was signaling through PKA, we pretreated BEAS-2B cells with an antagonist analog of cAMP [Rpadenosine-3',5'-cyclic monophosphorothioate (Rp-cAMPS)] before subsequent exposure of the cells to 8-Br-cAMP and HDE. Preloading the cells for 30 min with 10 M Rp-cAMPS blocked the ability of 10 M 8-Br-cAMP to reduce 5% HDE stimulation of PKC-ε activity (Fig. 4C ). This blockade of action was due to inhibition of PKA activation, as pretreatment with 10 M Rp-cAMPS negated the ability of 8-Br-cAMP to activate PKA in the presence or absence of HDE (Fig. 4D) . These data support the notion that the action of cAMP on HDE-stimulated interleukin release is dependent on PKA and not EPAC.
Pretreatment of BEAS-2B and primary bronchial epithelial cells with 8-Br-cAMP decreases HDE-stimulated TNF-␣ release.
PKC-␣ stimulation of TNF-␣ is an intermediary in the stimulated release of IL-6 and the sequential activation of PKC-ε, leading to IL-8 release after HDE treatment, as determined by TNF-neutralizing antibodies and fusion protein (36) . Because our data revealed that cAMP blocks HDE-stimulated PKC-ε, but not PKC-␣ activity (Fig. 3) , we examined the effect of cAMP on HDE-stimulated TNF-␣ levels in BEAS-2B. A 1-h pretreatment with 100 M 8-Br-cAMP significantly (P Ͻ 0.001) decreased HDE-stimulated TNF-␣ release at 2 h, 6 h, and 18 h compared with HDE-treated cells that were not pretreated with 8-Br-cAMP (Fig. 5 ). Similar responses were observed when primary HBECs were examined compared with BEAS-2B. Under the same treatment conditions as the BEAS-2B assays, 8-Br-cAMP significantly (P Ͻ 0.05) decreased HDE-stimulated TNF-␣, IL-6, and IL-8 release (Fig.  6 ). To control for any direct effect of 8-Br-cAMP on TNF-␣, we conducted "add back" studies in which TNF-␣, an activator of bronchial epithelial cell PKC-ε (34), was used to stimulate BEAS-2B cells that had been pretreated with 8-Br-cAMP. Whereas 1-h pretreatment with 100 M 8-Br-cAMP significantly (P Ͻ 0.001) inhibited 6 h HDE-stimulated PKC-ε activity, pretreatment with 100 M 8-Br-cAMP did not block PKC-ε activation when BEAS-2B were subsequently stimulated for 1 h with 250 pg/ml TNF-␣ (Fig. 7) . Likewise, 8-Br-cAMP had no direct effect on inhibiting NF-B activity, as 5% HDE significantly activated NF-B vs. control media whether or not BEAS-2B cells were pretreated with 10 or 100 M 8-Br-cAMP (Fig. 8 ). These data demonstrate that the action of cAMP-PKA diminishes HDE-stimulated TNF-␣ production, leading to decreased PKC-ε activation. These data also show that the action of cAMP is not the result of direct NF-B inhibition or any interference on the ability of TNF-␣ to directly activate PKC-ε. 
Pretreatment of BEAS-2B cells with 8-Br-cAMP blocks
HDE-stimulated TACE activation. BEAS-2B cells were pretreated in the presence or absence of 10 M 8-Br-cAMP for 1 h before stimulation with 5-10% HDE for 2 h, and TACE activity was measured. Both 5 and 10% HDE significantly elevated TACE activity (P Ͻ 0.05), but HDE-stimulated TACE activity increases were blocked by pretreatment with 8-Br-cAMP (Fig. 9) . Collectively, these data (Figs. 5, 6 , and 9) demonstrate that cAMP blocks HDE-stimulated TACE activity and TNF-␣ conversion in bronchial epithelial cells and contributes to decreased HDE-induced interleukin release (IL-6 and IL-8).
Pretreatment of mouse lung slices with 8-Br-cAMP blocks HDE-stimulated IL-6 and KC release.
To extend our observations beyond cultured human cells, we examined the effect of cAMP on HDE-stimulated cytokine release in mouse PCL slices. PCL slices were pretreated with either media alone, the ␤-agonist isoproterenol (100 M), or 100 M 8-Br-cAMP for 1 h before stimulation with 5% HDE for 24 h. Media supernatants were collected and measured for IL-6 and KC (CXCL1, an IL-8 homolog) by ELISA. 8-Br-cAMP pretreatment significantly (P Ͻ 0.05) inhibited 5% HDE-stimulated release of IL-6 (Fig. 10A) and KC (Fig. 10B) in mouse PCL slices. In addition, 1-h pretreatment with 100 M isoproterenol, another cAMP agonist utilized in clinical settings, also inhibited HDEstimulated cytokine/chemokine production in PCL slices. Similar to the BEAS-2B data, 1-h pretreatment with 100 M 8-Br-cAMP effectively (P Ͻ 0.01 vs. HDE only) blocked 5% HDE-stimulated PKC-ε activity at 6 h (Fig. 10C) . In these same PCL slices, 8-Br-cAMP significantly activated PKA (Fig.  10D ) and inhibited HDE-stimulated TACE activity (Fig. 10E) . These data reproduce our findings in human bronchial epithelial cell cultures to a whole-tissue ex vivo mouse model of HDE-stimulated (36) cytokine release.
DISCUSSION
Our findings support a bidirectional relationship between PKA and PKC-ε in the lung epithelial cell inflammatory response to swine barn dust. Such regulation is not unlike the neutrophil bidirectional control hypothesis first postulated by Nelson Goldberg et al. (10) , whereby the action of cAMP resulted in anti-inflammatory properties, but the action of cGMP was deemed to be proinflammatory. However, our findings show that cAMP pretreatment of bronchial epithelial cells reduces HDE-induced inflammatory response by stimulating PKA and subsequently inhibiting PKC-ε activity. In support of our proposed pathway (Fig.  11) , we showed that cAMP does not inhibit PKC-␣, an upstream activator of TNF-␣, IL-6, and IL-8 following swine CAFO dust stimulation. Whereas cAMP pretreatment of cells resulted in the inhibition of dust-stimulated PKC-ε activity, cAMP did not directly affect PKC-ε, as evidenced by PMA-and rhTNF-␣-stimulation of PKC-ε in the presence of exogenous, cell-permeable cAMP (8-Br-cAMP). Instead, the activation of PKA by cAMP led to the inactivation of TACE, thus preventing the dust stimulation of PKC-ε via TNF-␣ production and release. This was evidenced by the antagonism of PKA using Rp-cAMPS, leading to the restoration of dust-stimulated PKC-ε, even in the presence of 8-Br-cAMP (Fig. 4) . Our findings support those of Burvall et al. (8) , whereby 8-Br-cAMP caused a small but significant decrease in swine barn dust-stimulated IL-8 in an alveolar epithelial cell line, A549. However, our findings also differ from this study in that they observed that IL-6 was slightly elevated in response to cAMP and dust. These differences may be related to dust differences, origin of the cells (alveolar vs. bronchial), or to transformed vs. primary cell cultures. In our study, we have shown the inhibitory effect of cAMP on both human bronchial cells and mouse lung tissue exposed to HDE. Our findings also differ from those of Linden (12) , in that we do not observe cAMP-stimulated release of IL-8 in BEAS-2B or primary human bronchial epithelial cells. Our observations are consis- tent with the general anti-inflammatory actions of cAMP reported for many cell types (15) .
Although previous work has provided insight into the mechanisms for the HDE-induced inflammatory pathway in the epithelial lining, some aspects remain unknown. TACE, a metalloproteinase disintegrin, must play a role because it functions as a sheddase required for the release of soluble TNF-␣, a protein that participates in immune defense, apoptosis, inflammation, and autoimmunity. TACE executes a proteolytic cleavage of pro-TNF-␣ imbedded in the membrane, releasing soluble extracellular TNF-␣. No changes in TACE mRNA expression were found in alveolar cells treated with swine barn dust (7). Our findings support an enhancement of TACE activity as opposed to alterations in protein or gene expression in response to dust. This is supported by our observation that concentrations of 8-Br-cAMP (10 and 100 M) that have no effect on NF-B activity are capable of rapidly and significantly reducing TACE activity (Fig. 8) . Similarly, constitutive levels of TACE expression were also described (7) in the presence or absence of dust. In that study, it was suggested that, whereas PKA phosphorylation of CREB could result in attenuation of TNF mRNA, the cAMP effect on TNF mRNA expression in response to dust in alveolar epithelium was PKA independent (7).
The mechanism for cAMP-PKA inhibition of TACE is unknown at this time. The prodomain of TACE functions as an inhibitor of the sheddase until it is cleaved by furin, a proprotein convertase, in the trans-Golgi, leading to a catalytically active mature form of TACE. In bone marrow stromal cells, elevations in cAMP have been shown to increase furin activity, resulting in alterations in target substrate processing (5). Our hypothesis presumes that PKA interacts with TACE although it is unclear whether such an interaction is a phosphorylation event (few data regarding non-PMA-mediated phosphorylation of ADAM-17 exist) or some other association in the airway epithelial cell, such as cAMP-mediated furin activation, that minimizes TACE association with TNF-␣ and prevents the cleavage of TNF-␣ from the membrane and the subsequent release of the cytokine. In addition to existing studies showing that TNF-␣ mRNA is reduced by cAMP in macrophages (9) and alveolar epithelium (7), TACE activity is blocked by ethanol in alveolar epithelial cells (25) . An ethanol-specific adenylyl cyclase (AC7) exists (28) , resulting in alcohol stimulation of cAMP and PKA in the bronchial epithelium as well (23) . Our data support this hypothesis by showing reduced TACE activity when cells were pretreated with 8-Br-cAMP, but not the EPAC-activating agonist, indicating that PKA is imposing an inhibitory effect on TACE in relation to TNF-␣.
The findings that a PKA activator, 8-Br-cAMP, reduced proinflammatory cytokine/chemokine release in cultured epithelial cells and PCL slices from mice suggest that pharmacological elevation of lung cAMP levels might reduce swine CAFO dust-induced lung inflammation in vivo. In proof-ofconcept studies, we also demonstrated that isoproterenol, a ␤-adrenergic agonist that increases cAMP, reduced IL-6 and KC release from lung slices. Future lines of investigation should investigate whether various ␤-adrenergic agonists that stimulate adenylyl cyclase to produce cAMP will modulate swine CAFO-induced airway inflammation in an animal model via activation of PKA and subsequent inactivation of PKC-ε. There is evidence that ␤-adrenergic receptor agonists may be beneficial in the treatment of exposed workers because Strandberg et al. (27) found that salmeterol (a long-acting ␤ 2 -agonist) reduced enhanced bronchial responsiveness following swine barn exposures (27) . Such a treatment may hold the potential to reduce lung inflammation for workers in CAFO and thus reduce the risk of respiratory disease.
